ABSTRACT：
INTRODUCTION
Due to the rapid growth of traffic volume, the overloading phenomenon becomes more serious, pavement diseases occur on some of the high grade highway, affected by low temperature, water and other factors, the damaged pavement can not be repaired timely [1] [2] [3] . Actually the structure of the damaged pavement was not destroyed, but pothole, local loose, peeling, cracking and other diseases occurred on the pavement due to the asphalt aging of surface layer [4] [5] . There is an urgent need for corrective maintenance, to ensure the traffic safety. However, when the temperature is low, the hot mix asphalt is difficult to be used, which resulting in further damage on the road. Epoxy emulsified asphalt mixture overcomes the shortcomings of ordinary hot mix asphalt mixture, and can be used in wet and low temperature conditions which can solve the above problems effectively [6] [7] .
Therefore, some domestic and foreign scholars conducted a lot of research on epoxy emulsified asphalt, such as Zhao Le [8] conducted splitting test, rutting test on the asphalt mixture with different content of epoxy resin, proposed the performance changing rule of asphalt mixture with different resin content, and indicated that epoxy emulsified asphalt mixture was a kind of pavement repair material with excellent performance by conducting a large number of experiments. However, the performance of epoxy emulsified asphalt mixture depends on the proportion of epoxy resin, curing agent, emulsified asphalt, but there has not been relatively mature design method about that yet.
Therefore, reasonable formulation of epoxy resin, curing agent, emulsifying agent need to be studied in order to prepare epoxy emulsified asphalt with stable and excellent performance, and then ratio design method of epoxy emulsified asphalt was studied on the bases of modified Marshall test method and again modified Marshall test method was proposed, pavement performance of epoxy emulsified asphalt mixture was evaluated based on again modified Marshall test design method.
THE COMPOSITION OF THE EPOXY EMULSIFIED ASPHALT
First, the epoxy resin and curing agent was mixed evenly according to a certain proportion, pouring into a certain amount of emulsified asphalt, and mixing the mixture for a few minutes, the epoxy emulsified asphalt was prepared finally.
Raw materials
The raw materials mainly include: the emulsion (as a modifier) which is made by epoxy resin and curing agent according to a certain proportion and emulsified asphalt. The curing agent is easy to use compared with the polybasic amine curing agent. Emulsified asphalt was made by SK-90 matrix asphalt and GYZ-01 emulsifier, the asphalt and water in the formula are1:1.
Optimization of the composition of epoxy emulsified asphalt
For convenience, the following A stands for the curing agent, B stands for the epoxy resin, C stands for the emulsified asphalt. the optimum ratio of epoxy resin, curing agent and emulsified asphalt were determined by using range analysis method, the test results are shown in Table 1 . The different combinations of epoxy resin, curing agent and emulsified asphalt are shown in Table 2 . The penetration of epoxy asphalt emulsion evaporation residue was analyzed, the results are shown in Figure 1 . In order to make epoxy emulsified asphalt mixture adapt to damaged roads in low temperature, small value of the penetration should be chosen. From figure 1 we can see that the best combination is A 1 B 3 C 3 .
In the same way, the ductility of the evaporation residue of the emulsified asphalt is analyzed, and the results are shown in Because the ductility of epoxy emulsified asphalt is lower than that of ordinary modified emulsified asphalt, a larger value should be chosen, so the optimal level combination is A 1 B 3 C 3 .
To sum up, the best combination of epoxy emulsified asphalt is A 1 B 3 C 3 , namely emulsified asphalt is 85%, waterborne epoxy resin is 12% and curing agent is 3%.
MIX PROPORTION DESIGN OF EPOXY EMULSIFIED ASPHALT MIXTURE
Based on the mix proportion design method of hot mixed asphalt and emulsified asphalt mixture, the mix proportion design method of epoxy emulsified asphalt mixture was studied.
Determination of the mixing water and slag amount
Amount of slag affects the coverage ratio of emulsion on the main aggregate and the mixture void rate, amount of mixing water affects the mixture compaction effect. In the paper, optimal amount of powder and mixing water were determined based on the observation experiments. The workability of epoxy emulsified asphalt mixture with different amount of mixing water and slag were observed. The observation results show that when the amount of slag, mixing water are 6% and 6%, the workability of epoxy emulsified asphalt mixture is well. 
Aggregate gradation
The gradation of cold fill mixture is inconsistent with specification in China, the AC gradation series is widely used, in order to make cold fill mixture consistent with original pavement materials and make epoxy emulsified asphalt mixture used widely, the AC-13 gradation was used, specific results can be seen in Table 3 . 
The determination of the initial dosage of epoxy emulsified asphalt
The initial amount of emulsion can be determined according to type (1).
In type: P--The percentage of emulsion in dry weight of aggregate (%);
A --The percentage of aggregate bigger than 2.36mm in total aggregate amount (%); B --The percentage of aggregate between 0.075 and 2.36 mm in total aggregate amount (%);
C --The percentage of powder in total aggregate amount (%).
The initial dosage of epoxy emulsified asphalt : 0.06 × 66+0.12 × 28+0.2 × 6=8.52%
Determination of optimum dosage of epoxy emulsified asphalt (1) Again modified Marshall test method
The points of again modified Marshall test method include: the compaction times was increased from 50 times to 75 times, curing temperature was increased from 110 ℃ to 120℃; curing time was determined as 6h; total curing time was determined as 48h, specific points are as follows:
①
Curing temperature Taking reference of modified Marshall method, the curing temperature was determined as 120℃.
②

Curing time
The penetration, ductility and viscosity of epoxy emulsified asphalt evaporation residue changed along with the deepening of the curing reaction, the trend is as shown in Figure 3 . From the figure we can see that when the curing time reached 6h, the change degree of the value become slow, so the curing time was determined as 6h.
③
The compaction times Due to the high strength of the epoxy emulsified asphalt mixture, the compaction times was increased to 75 times.
According to the initial dosage of epoxy emulsified asphalt, five groups of asphalt content of 7.5%, 8.0%, 8.5% and 9.0%, 9.5% were selected, molding specimens according to the again modified Marshall test method and corresponding indexes were tested under specified conditions after curing, results are shown in Table 4 . 
Viscosity(s) curing time(h)
The test results are analyzed, and the optimum amount of the emulsified asphalt was determined as 8.3%.
PAVEMENT PERFORMANCE EVALUATION
High temperature rutting test, bending test at low temperature, Water immersion Marshall test and freeze-thaw splitting test were adopted to evaluate the pavement performance of epoxy emulsified asphalt mixture, specific test results are shown in table 5~7. The properties of the curing reaction products are better than that of the matrix asphalt and modified asphalt. Therefore, the dynamic stability of the epoxy emulsified asphalt mixture can be demanded according to the modified asphalt which is 2000times/mm. From Table 6 we can see that the low temperature performance of epoxy emulsified asphalt mixture meets basic requirements of pavement performance, and it is well when compared with other cold mix asphalt. In general, the residual stability of cold asphalt mixture is 65%~70%. And the residual split strength ratio of hot mix asphalt mixture in arid and semi arid area is required not less than 70%. So the water stability of epoxy emulsified asphalt mixture are relatively accessible.
To sum up, the results show that rutting resistance performance of epoxy emulsified asphalt mixture is well, the low temperature performance and water stability meet the requirements, thus indicating the again modified Marshall test method is appropriate.
CONCLUSIONS
(1) In order to make the epoxy emulsified asphalt adapt to regions of high temperature, the optimal combination of epoxy asphalt emulsion was determined ultimately, namely the amount of emulsified asphalt ,curing agent and epoxy resin are 85%, 12% and 3%. The results show that the performance of epoxy emulsified asphalt of this formula is stable and excellent.
(2) The points of again modified Marshall test method: the compaction times was increased from 50 times to 75 times, curing temperature was increased from 110℃ to 120℃; curing time was determined as 6h; total curing time was determined as 48h.
(3)The rutting resistance performance of epoxy emulsified asphalt mixture is well, the low temperature performance and water stability meet the requirements, thus indicating the again modified Marshall test method is appropriate.
